Purpose: Pattern electroretinography (PERG) is a specific test for the analysis of functions of the central retina. In this study, we investigated the PERG recordings in subjects with myopia. Subjects and Methods: This study was performed on 1 eye of 80 subjects with varying degrees of myopia. Four groups were formed according to the refraction values: group 1: between 0.00 and Ϫ0.75 diopter (D); group 2: between Ϫ1.00 and Ϫ3.00 D; group 3: between Ϫ3.25 and Ϫ6.00 D; and group 4: between Ϫ6.25 and Ϫ10.00 D. Amplitudes and latencies of transient PERG P50 and N95 waves were recorded in all subjects. Results: P50 and N95 wave amplitudes were lower in higher myopes (groups 3 and 4) when compared with lower myopes (groups 1 and 2; PϽ0.001). The amount of loss in P50 amplitude was 8% in group 2, 16% in group 3, and 36% in group 4 when compared with group 1. The amount of loss in N95 amplitude was 7% in group 2, 21% in group 3, and 43% in group 4 when compared with group 1. Although P50 wave latencies showed no difference between groups, N95 wave latencies were increased in higher myopes. The elongation in N95 wave latency in group 4 was 3.08 ms. Conclusions: Increased axial length may contribute to the decrease in PERG amplitudes in our study. PERG recordings must be carefully evaluated when the group in any study that involves myopic subjects.
P
attern electroretinography (PERG) is a useful clinical test for the evaluation of the central retina. In the PERG, the stimulus is a checkerboard or the stimulus of other pattern types, which, as a rule, is viewed with central fixation. Consequently, responses should be expected to reflect macular function. [1] [2] [3] Pattern electroretinography is known to be generated in the proximal 30% of the retina, corresponding to the ganglion cell layer, inner plexiform layer, and inner nuclear layer. Retinal ganglion cell density is greatest at the macula. Pattern electroretinography may be altered in dysfunction of the macula and the inner retina selectively. [1] [2] [3] The PERG contains three main components: N35, P50, and N95. N35 has little clinical demonstrated value and will not be considered in this study. The latter two components have been found to be clinically useful. The P50 component is affected by macular dysfunction. In contrast, the ganglion cell origins of the N95 component allow electrophysiologic evaluation of ganglion cell function both in primary disease and in dysfunction secondary to optic nerve disease, where selective loss of N95 can be observed. 1 The amplitude of the electroretinogram (ERG) has long been reported to be reduced in myopic eyes. Several early reports on the ERG in myopia showed that ERG amplitudes were generally within normal limits up to 8 diopters (D) of correction, but were abnormal with more severe myopia. 4 -10 The influence of the axial length (AL) of the eye and myopia on flash ERG responses has been well established, suggesting an association between ERG abnormalities with myopia, especially in the eyes with an AL longer than 25 mm. 4 -10 There are some recent studies that evaluated the correlation between multifocal ERG (mfERG) parameters and the severity of myopia. 11, 12 These studies showed that the amplitudes were reduced as refractive error increased.
To the best of our knowledge, there are limited numbers of studies that include PERG results in myopia. [13] [14] [15] In this study, we aimed to evaluate the PERG recordings in myopic subjects with different degrees of diopters.
SUBJECTS AND METHODS
This study was performed on 1 eye of 80 subjects with varying degrees of myopia who were routinely examined in our ophthalmology clinic and agreed to participate in our study. Sex of the subjects was set as to be distributed equally in each of the four groups (10 men and 10 women). Right eye of the each individual was used for evaluation in the study.
Four groups were formed according to their refraction values. The refractive parameters of the subjects were as follows:
Group 1 (negligible myopia): between 0.00 and Ϫ0.75 D; Group 2 (low-grade myopia): between Ϫ1.00 and Ϫ3.00 D; Group 3 (medium-grade myopia): between Ϫ3.25 and Ϫ6.00 D; and Group 4 (high myopia): between Ϫ6.25 and Ϫ10.00 D.
All participants underwent a complete ophthalmic examination including refraction with best-corrected visual acuity, tonometry, slitlamp biomicroscopy, and dilated fundoscopy.
Inclusion criteria were as follows: (1) a best-corrected visual acuity equal or not less than 0.7 (2) age between 18 and 40 years of age (because PERG results are likely to be affected by aging 16 ); and (3) refraction between 0.00 and Ϫ10.00 D (because PERG results may be affected from the chorioretinal atrophy of the subjects with a refraction higher than Ϫ10.00 D).
Exclusion criteria were as follows: (1) any media opacities (cataract, vitreous opacities, corneal opacities, and so forth); (2) any ocular disease apart from refractive errors (optic nerve, retina, and so forth), which may affect electroretinographic evaluation; (3) myopic degeneration; and (4) any medication that might affect retinal function.
Pattern Electroretinographic Recordings
The checkerboard-transient PERG was recorded with Tomey Primus 2.5 (Tomey GmbH, Erlangen, Germany) in accordance with the guidelines of the International Society for Clinical Electrophysiology of Vision. 3 Gold foil recording electrodes were placed in the fornix of the lower eyelid and referred to ipsilateral outer canthus silver-silver chloride electrodes with a mid-forehead earth. During PERG recordings, band-pass filters included the range from 1 to 100 Hz. The stimulus was an alternating black and white checkerboard pattern with a field size of 15°ϫ 15°and a check size of 0.8°. Contrast between the alternating checkerboards was set to 80%. Photopic luminance level for the white areas was 80 cd⅐m Ϫ2 . Frequency of stimulation was 1.22/sec, stimulations per min were 73.2, acquisition time was 204 ms, and 150 reversals were averaged. The distance between the subject's eyes and the monitor was 30 cm. This standard PERG technique was performed in dim room lighting.
The test was performed binocularly to facilitate fixation with undilated pupils, and spectacle correction was used for all subjects except the subjects in group 1. The effects of blink artifact were minimized by instructing the subject not to blink when the pattern was presented and was allowed to blink a few times when stimulation was interrupted, and stimulation was resumed after signal stabilization. In the recording session, PERGs were recorded at least twice with 150 artifact-free sweeps, and the resulting waveforms were superimposed to check the repeatability of the results. P50 amplitude is measured from the trough of N35 to the peak of P50, and N95 amplitude is measured from the peak of P50 to the trough of N95. Latency is measured at the peaks of the waves. Because N95 amplitude is affected by the amplitude of P50, we calculated the N95/P50 ratios.
Axial length measurements of all subjects were obtained with A-scan biometry (Sonomed, Inc., NY). A total of five successive biometric measurements were obtained.
Ethical clearance for this study was obtained from the University. The research followed the tenets of the Declaration of Helsinki. Subjects were informed with regard to the nature of the study; informed consent was obtained from each participant before the examination. The assessor of the PERG waveforms was blind to the nature of the study and identity of the subjects.
All statistical analysis was performed using SPSS 10.0 for Windows (SPSS, Inc., Chicago, IL). A P value less than 0.001 was considered statistically significant. Axial lengths, refraction values, amplitude and latencies of P50 and N95 waves, and N95/P50 ratios were used in statistical calculations. One-way analysis of variance test was used for the statistical analysis. Pearson statistic was used for correlation analysis between the variables. We used the entire data for correlation analysis, and we did not use the group variables.
RESULTS
There were no statistically significant sex differences among the groups for age, refractive error, AL, P50, and N95 amplitudes and latencies (PϾ0.05).
The data of age, refraction values, and average AL for all groups are given in Table 1 . Age of the subjects showed no statistically significant difference between the groups (PϾ0.05, F ϭ 1.33).
Pearson correlation coefficient was used to analyze the relationship among refraction, AL, and PERG parameters. When we evaluated the entire data set, we found that there was a statistically significant positive correlation between myopia and AL (PϽ0.001, r ϭ 0.87).
When P50 and N95 wave amplitudes, N95 latencies, and N95/ P50 ratios were analyzed, there was a statistically significant difference between group 1 compared with groups 3 and 4; group 2 compared with groups 3 and 4; and group 3 compared with group 4 (PϽ0.001, F ϭ 14.46, F ϭ 16.36, F ϭ 18.02, and F ϭ 9.047, respectively), but there was no statistically significant difference between group 1 compared with group 2 (P ϭ 0.533). When P50 wave latencies were analyzed, there was no statistically significant difference between any groups (P ϭ 0.230, F ϭ 1.46; Table 1 ; Fig. 1 ).
When P50 and N95 amplitudes were correlated to refractive errors and AL, it was found that the more negative the refractive error was, the less were the amplitudes of P50 (PϽ0.001, r ϭ Ϫ0.59) and N95 (PϽ0.001, r ϭ Ϫ0.55) values. We also found a negative correlation between AL and P50 and N95 amplitudes (P50: PϽ0.001, r ϭ Ϫ0.53; N95: PϽ0.001, r ϭ Ϫ0.57).
DISCUSSION
Flash ERG studies in highly myopic eyes demonstrated that there was a decrease in photopic, scotopic a and b wave ampli- All data in cells were presented as mean Ϯ standard deviation. a There was not a statistically significant difference between the ages and P50 wave latencies of subjects in all groups.
b When P50 and N95 wave amplitudes, N95 wave latency, and the N95/P50 ratio were analyzed, there was a statistically significant difference between group 1 compared with group 3 and 4; group 2 compared with group 3 and 4; and group 3 compared with group 4 (PϽ0.000).
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Pattern Electroretinography tudes. 9, 10 There are some studies indicating electrophysiologic changes in low myopes without a significant pathologic condition. 11, 12 The dependency of ERG amplitudes on AL was confirmed in subsequent studies. 5, 6 In the study by Westall et al., 6 the relationship between AL, refractive error, and ERG responses were studied. The ERGs from 60 subjects were recorded with varying degrees of myopia but without an evidence of myopic retinopathy. The study revealed a linear reduction in the amplitudes of the ERG with increasing AL. In addition, the study showed relatively larger attenuation of later than earlier photopic oscillatory potentials, which suggests anomalies in pathways of bipolar cells.
In recent years, mfERG and PERG studies in myopia have also been reported. [11] [12] [13] [14] [15] Ishikawa et al. 11 examined the relationship between the amplitude of the photopic ERG recorded from the macula and the degree of myopia. It was found that the amplitudes of the a and b waves of the focal ERG were significantly smaller in myopic eyes than those of normal eyes and the amplitudes were inversely proportional to the degree of myopia. In a recent study by Kawabasa and Adachi-Usame, 12 mfERG results in subjects with various degrees of myopia were reported. This study showed that amplitudes were reduced as refractive error increased.
The cause of the changes in ERG amplitudes with refractive error is not well understood. Increased ocular resistance because of the elongated eyeball in myopia was believed to be the major cause of decreased ERG amplitudes. 4 -6 Chen et al. 10 suggested two hypotheses about the mechanism of reduced amplitudes of the flash ERG in myopia. One hypothesis, called the stretched retina hypothesis, predicted a reduced retinal sensitivity, but normal saturated amplitude because of the fewer receptors per unit area of retina and more space between receptors. The other hypothesis predicted reduced saturated amplitudes and normal sensitivity. This hypothesis was confirmed by the findings of Westall et al. 6 Optical factors have also been implicated to play a role in the reduction of ERG amplitudes in myopia. 4 There are several studies regarding PERG findings in myopic eyes. [13] [14] [15] In one of these studies, Varano et al. evaluated macular function after photodynamic therapy in myopic maculopathy with ERG and PERG. The findings of this study showed significant increase in the amplitudes of ERG and PERG after photodynamic therapy in myopic maculopathy. 15 In another study, Lubinski evaluated PERG recordings of 60 eyes of 30 subjects who showed myopia ranging between Ϫ4 and Ϫ8 D. He compared the findings with those of 30 control eyes. He demonstrated that in 30% of myopic eyes, there was low amplitude. He emphasized that this low amplitude may have a prognostic value. Latencies were not studied in this study. 13 Our study differed from that of Lubinski's by several ways. In Lubinski's study the myopic eyes, which ranged between Ϫ4 and Ϫ8 D were not further divided into subgroups; we, on the other hand, subdivided our subjects who ranged between 0.00 and Ϫ10.00 D. This allowed us to make a comparison between the subgroups.
Another difference is between the methods. Lubinski used steady-state PERG, whereas we used transient PERG. In steadystate PERG, the frequency of steady-state PERG is greater than that of transient PERG, and the wave obtained is in a sinusoidal shape. Therefore, it is not possible to use P50 and N95 waves separately. Only the wave peak between the two waves can be calculated. On the other hand, transient state allows us to evaluate the two waves separately. In our study, although P50 wave latencies did not show pathologic prolongation, N95 wave latencies were significantly longer in subjects with high myopia. It is known that N95 latency is often difficult to measure accurately because of its broader shape. The delay in N95 latency is not considered to have clinical value in our study.
It is known that P50 component allows an objective assessment of macular function. 1 The decrease in P50 amplitude in high myopia may demonstrate a degree of macular dysfunction even when the appearance of the macula is normal and the visual acuity level is not decreased.
The mechanism by which axial myopia in the absence of degenerative changes affects PERG results is not clear. The findings obtained from the study by Hidajat et al. 14 indicated a significant negative correlation between the AL of normal eyes and the PERG P50 amplitude. Therefore, the increased AL may contribute to the decrease in PERG amplitudes in our study. This is a preliminary study with only a few myopic subjects. The subjects may be divided into two groups as low-and high-myopia groups, and this may make the results more clear. Subjects with myopic maculopathy may be included in the study. In the future, PERG studies in myopia with several subjects are needed.
In conclusion, PERG recordings must be carefully evaluated when the group in any study that involves myopic subjects.
